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^^^^^^^^ 

^p^.TTnM THEREOF , — AND_A__COMPO£^LkSi 

n^^^^^^ . n relates t o a composition for 
The present invention relates to 

# ,„ electric power cable, to an 
an insulating layer of an electric p 

— -ir r:r r::r- - 

tion. 

Technical b ackground 

Elec tric power cables for medium voltages <MV, 

10 S-Sa KV an d volta.es (HV; .V) are combed o . 

plurality of polymer layers extruded around - - 
conductor. The electric conductor is usually coated 
with an inner semiconductor layer followed by an 
I latino, layer, then an outer semiconductor aye 
„ followed by water barrier layers, if any and on the ^ 
outside a sheath layer. The layers of the cable ar 
on different types of ethylene polymers which usually are 

cross linked J __ ■ * . 

-^^Unked ethylene polymers are used for the 

20 inflating layer. LDPE U°«-density polyethylene »..- 

Polyethylene prepared by radical P^^^^f' ^ 
pressure, is today the predominant cable insulating 

material- 

in addition to the polyethylene base resin 
25 insulating compositions usually contain additives to 
improve the physical properties o f the 

of the electric cable and to increase its resistance to 
the influence of different conditions. The total amount 
of the additives is generally about 0.3-5% by weight 
30 preferably about 1-4* by weight. The additives include 

Stabilising additives such as antioxidants to counteract 

decomposition due to oxidation. 

lubricating additives, such as stearic acio. 

for water-tree resistance, such as polyethylene glycol. 
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- and crosslinking additives such as 

is bv peroxide crosslinking, i.e. to 
power cable is by p insulating composi- 

peroxide crosslink^ agent to th ins 

tion, shape the =-P° sltl °Y cross Unk the insulating 
layer, e.g. by extrusion and «°= s " n * cr osslinking 
layar by heating to depose the^pe oxi ^ 

•the composition^ 



15 



20 



25 



TO" 



35 



iSBP 0 ^^^ ■ " 1 V+~t the extrusion of 

7^^— [~i^T Ls performed after the extru 
Tne cro=. n r\T\a s q about 100-200 m, 

take place as rapidly and completely as possible. The 
vulcanizing (CV) type, nas> 

at least one cooling zone and the vulcanizing is 
initiated by the heat emitted in one or more of the 
bating zones of the vulcanizing tube. Generally, the 
temperature in the heating zone.s, of the vulcanizing 
"be is up to about 400-C. A nitrogen-gas pressure is 
also pplUd in the tube, and contributes to prevent 
oxidation processes by Keeping away oxygen of th air 
to reduce the formation of microcavities, so-called 
"ids in the polymer layers by reducing the expansion of 
the gases resulting from the decomposition of the 

-forming crosslinking agent. — 

fHi-p^xide- crosslinking agents used ror the 

crosslinking of insulating layers of ^"^Z^ 
cabl es as described above present some P^T;^^ 
from a technical and an environmental point of 

hey decompose, gaseous decomposition products •» 
and these products cause formation of ^"^"^ 
cable insulation, voids from which water trees may later 
arise during ageing of the cables. Furthermore the 
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30 



35 



decomposition products may -e obnoxious -U - - 
even cause alleges in sensitive cross . 

in view of the disadvantages of the peroxi 
uJn agents it would be a t ^ 

Unking could be ^^[^ZZ^,^ 

^TITa^^ 

groups in the polymer. The c so -called 
hydrolyzable silane grou . * ca ^ _ 

m oisture curing, n a firs = P ^ ^ 

hvdrolyzed under the influence 

• ^ S Dlittxng-of£ of alcohol and the 
resulting in the splitting uj- 

* ,-ilanol qroups. In a second step, the 
formation of silanol gro p condensation paction 

silanol groups are ^' a so _ called silan ol 

splitting off water. In both steps, a 

i S used as a catalyst, 
condensation catalyst u " carb cxylates 

Silanol condensation catalysts inclua 
of metals, such as tin, zinc, iron, lead ^ 
organic bases; inorganic acids; and organic acids. In 
practice dibutyl tin dilaurate (DBTDL) is generally 
as the silanol condensation catalyst. 

However, silanol condensation catalysts such as 
DBTDL give poor performance at normal 
temperatures and relative humidities. To function 

• , reauire a sauna or water bath at an 

satisfactorily they require 70 _ 100 . c . Rlth ough 

elevated temperature in the order of 70 
the crosslink is speeded up by increasing the 
temperature, it may take 6-24 hours to carry out the 
crosslink for a thin LV cable and from to 7 days 
an MV cable, depending on thickness and 
temperature. Moreover, DBTDL is a tin-organic catalyst 
which is negative from an environmental point of vie-, 
particular problem is encountered in connection with 

linking of insulating layers of medium voltage and 
high voltage power cables because of the - 
the water to reach and completely crosslink the layer. 
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. ^ fact that the insulating layer is 
This is due to the fact tna 

5 at least about 2 mm thick, t^" 11 * "^Toltage of the 
/ thick and the thickness increases with the vo g 

O cable. Thus, the insulating layer of a 10 kV cable 

typically has a thickness of about 3.6 - and in j 20 kV 
^ cIL this layer typically has fa an* 

The more layers that cover the insulating y 
greater its thickness the more difficult it will be 
and the longer it will take for the water to reach and 
crosslink the insulating layer. Indeed, polymers 
con i ing hydroly*able silane groups have ^ono* 
15 „een considered feasible as insulating layers o ^pow r 
cables of voltages over 20 kV, i.e. having an 
layer thickness of more than about 5 mm, due to the 
excessive time needed for crosslinking. 

From the above it is evident that the crosslink, 
. „M„, usina hydrolysable silane group 

20 of electric power cables using nyoro y 

containing polymers for the insulating layer is also 
associated with several disadvantages and that it wo 
« an an important technical progress if crosslinking 
„„„ 1d be achieved withou t these disadvantages. 

H a nmmarv of the invention id 

^rmTobject of the present invention to provide 

a moisture curable insulating layer composition for a 
medium to high voltage power cable that alleviate or 
eliminates the above mentioned problems of the prior art. 
30 It is another object of the present invention to 

provide a medium to high voltage power cable comprising a 
crossllnked insulating layer of the above mentioned 
insulating layer composition. „ vf „„ 
It is still another object of the present invention 
35 to provide a process for preparing such a medium to high 
voltage power cable. 
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irTfThe"present invention it. 

ha3 been ^0^^ tta* p poiymer as . base 

hydrolyzable silane 9""* to high volt- 

resin for the insulating lay. ° J conde nsation 
age power cable if the prior a t 1 icul „ 
catalyst, such as DBTDL is replaced by a part 

-SS^diSr^"^ 1 aspeCt .. „ h . elating 



10 



15 



20 



25 



it has been found that the x in connection 

layer may be further enhanced, particularly 

with thic* insulating layers, if when using said 

aphonic acid as a silanol condensation 

Insulating layer composition is -de more hydrophilic 

and/or moreMwrphous. _ . _ — - 

Iccc^n^o^ITlno^h^^^t^ the present 

invention it has been found that the medium to high 
voltaae power cable may be prepared by carrying out the 

n^ of the cable at -V-**^ 
the presence of steam, preferably in a vulcanizing 
usually used for the crosslinking of peroxide 

crosslinkable power cables. ,„„„„ s ition 
The present invention thus provides a composition 
for an instating layer of a medium to high 
cable, characterized in that the composition comprises 
.rossUnXable polymer with hydrolyzable silane groups, 
and a silanol condensation catalyst of formula 



ArS0 3 H 



(1) 



30 



35 



or a precursor thereof. Ar being a benzene "hat the 

t uted with at least one hydrocarbyl radical such that the 
total number of carbon atoms of the hydrocarbyl radi- 
cal.s, is 8-20, or a naphthalene ring substituted with at 
Ilit one hydrocarbyl radical such that the total number 
o£ carbon atoms of the hydrocarbyl radical,*, is 4-18, 
and the catalyst of formula I containing 14-28 carbon 
atoms in total- 
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further provides a medium to 
The present invention furtner px. 

. in that the insulating layer has a 
5 characterized in that tne cro sslinked 
thickness of more than 2 nun and comprises the 
product of a composition as defined above. 
' Still further, the present invention provides a 
• of nreoaring a medium to high voltage power 

is crosslink in the presence of .team at a 
superatmospheric pressure. ^ntaces of 
Further characterizing features and advantages of 
the present invention .ill appear from the following 
15 description and the a ppended_cl.aims . 

TuU r nmrrir'"" " f * ha Drawings 

^--—^^7^7- accordance With the 

invention 

SSiHUS^-criEtipn^f^^ 

Tn A silanol condensation catalyst o± tne 

20 typ e is disposed in »0 ,5/17463 for the 

polymers with hydrolyzable silane groups in general. How 
ever! it does not disclose the specific use of such a 
catalyst for the crosslink of insulating layers of 
25 medium to high voltage power cables or that it »ay sur- 
prisingly overcome the particular problems 
with the crosslink of such insulating 

• a „H 1 1 lustrated in more detail 
as will be explained and iiiusiwwi 

below this catalyst guite surprisingly gives improved 
,0 water treeing characteristics to the insulating layer of 

a medium -tohighJvoltage_^^ — 

^J^-^T^tTc^aliy^rTrred aspect of the 

invention the composition of the insulating materia 
changed in a way that facilitates the migration of water 
35 Into it. This may be achieved by incorporating comonomers 
containing hydrophilic functions into the matrix resin, 
by blending in water absorbing components, e.g. via 
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».«« batch, it. «- position ;- L ^^r e 

cry staiiinit y - *- matri* ~ ^ rooB for 

will leave a »o« /"""V. into lt . of course, 

small molecules 11- ««« "^/^The roi « ix 

if polar comonomers are and thus na ve a 

th ey will also decrease the "V^Z " tie polymer matrix 

double effect. The crystalline part of the P ym 

thus should be at the roost about 60% by weight 

L espies of preferred hydrophilic *»***°°> " 
gtoups that may be introduced into the PO^J-" 
resin) the following may be mentioned: siloxane. am.de, 
"hydride, carboxylic, carbonyl. hydroxyl, and ester 

9r ° UP ;;th regard to the silanol condensation 
formula I it is preferred that the hydrocarbyl radical 
formula 1 is an alKyl substituent with 10-1 ca b 
atoms. «ore preferably the .lk,l substituent has 
carbon atoms and is selected from dodecyl and 



20 



25 



30 



""Tts'further preferred that the polymer composition 
includes 0.0001-3% by weight of silanol condensation 

255i g S I^IcIt^^e7^ 

composition that preferably is hydrophilic 

amorphous and that comprises a polymer wxth 

silane groups and a silano! condensation catalyst having 

th. formula I. In particular, the composition is 

contemplated for use as an insulating layer of a medium 

to high voltage power cable. Other applications for the 

v,„ M =v<>r also be contemplated such as 
composition may, however, also oe r 

pipes, particularly water pipes and gas pipes, and 

products madeb^injectionj^r^ 

~ i^T^ia^tTthe medium to high voltage power 

cable according to the present invention it is preferred 
th at the insulating layer has a thicKness of more than 4 
more preferably more than 5 mm. This corresponds 



35 

nun 
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• 1-0 a 10 kV cable and a 20 kV cable, 

approximately to a iu *v 

A s mentioned above, t* P ^ ^ 

present invention for preparing inve ntion 

cable comprising the - fr^e,,^ i- 

a s th . insulating layer o ^ ' the presence o£ 

that the crosslinks rs earriea cont rast 
steam at a superatmospheric pressure Ih " " ^ 

nressure in the presence of moisture, i.e. steam 

pressure xu r nro^ent inven- 

the pressure * ^ ^ ^ 

5 ;r e /e:ri/rrr U t°o 2 2 « *. ^ ,» r r - 

preferably- from about 0.8 HPa to about 1.2 MPa. A 
preierauiy cafnrated steam of a 

pressure of 0.8 MPa corresponds to saturated 

^ . ^ 11n o r an d 1 2 MPa corresponds to 
temperature of about 170 C and 1.* 

as th. base resin, that the crosslink « that the 
!5 crosslink is carried cut in a vulcanic, tub- such 
as a CV tube as described above normally used for 
crosslink, of peroxide crosslinkable power cables^ 

In the following the crosslinkable hydrolyzable _ 
silane group containing polymer used as the base res.n of 
silane group according to the present 

30 the insulating layer composition according 

invention will described. ^-h- 
The crosslink base resin generally is an olefin 
copolymer or graft polymer which contains hydrolysable 

u,*ich is crosslinked under the 
«ilane aroups ana wnicn is * 
3 S influence of water and at least one silanol condensation 
catalyst. Specifically, the crosslink polymer » an 
ethylene copolymer or homopolymer containing 
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crosslink sua- ,«ups introduced either b y 

. „ or oraft polymerization. 

eopol»-«x..t»« or g r. polymer h as been 
Preferably, trie suai'= el1 s r ablv 

by the formula 

RSiR'nY3-n 



10 Tirtn et hy leni«lly unsaturated hydxocarbyl. 

^roclrb.lo,* or <meth,a=r y lo*y h ydrocar by l group. 
»■ is an aliphatic saturated hydrocarbyl group, 
" Tich raay be sa m e or different, is a hy drolyzable 

15 organic group, and 

20 are those wherein Rx is vinyl, allyl, isopropenyl, 

butenyl, cyclohexenyl or ga^a- (meth) acryloxy propyl Y 
butenyl, y formyloxy , acetoxy, propionyloxy or 

is methoxy, ethoxy, formyi y. presen t, is a 

an alkyl- or arylamino group; and R , P 

-"t^ferTeTunsaturated silane compound is 

represented by formula 

CH 2 =CHSi (OA) 3 

30 wherein A is a h y drocarb y l group having 1-. carbon at-, 

r -«-..v.i v 1-4 carbon atoms. . 

_ Fhe most preferredcompounds are vinyl 

trimethoxvsilane. vin y l triethoxysilane, 

aa^a- (math, acrylox.propyltrimethoxysilane an ™£ 

w ^t-i«= of two or more t nereoi . 
triacetoxvsilane o r combi n a tions or two 

- J ^ Ei5 l^oI y ^r^^ 

th e uLatu/atersilane compound ma y be carried out under 
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any suitab!e conditions resulting in the copolymerization 

of the two monomers, — —~ x "TT^TCI 

" The^ilane-containing ^ J . . 

• n nm-15% bv weight or tne 
— s^l. = .0-1 » Li9ht> most 

silane compound, prere^^ 

V - JS^^Sr^lyiHerlzation (or grafting) 

, . 4 . Ko nrpsence of one or more other 
iBpl e me n t e d ,n t he Presence ^ ^ ^ 

monomers which c ^ be / ^ iMtion ,« grafting , with 

r u P two monomers- Tne copo^y^^* ^ 

the two mo unsaturated silane comonomer 

other comonomers besio.es uic . 
is applied in particular when it is desired to make the 
crosflin,cable polymer composition hydrophilic and/or 
amorphous . in that case the comonomer (or termon omer, 
should include at least one hydrophilic group such as an 
acyl group, an hydroxyl group or an ester group As non 
lilting examples of hydrophilic comonomers may be 
m entioned the following: (a, vinyl carbonate esters, 
such as vinyl acetate and vinyl pivalate, (b) 
20 <meth,acrylates, such as methyl (meth, acrylate 

ethyl (meth, acrylate and butyl (meth) acrylate, (e> 
olefinically unsaturated carboxylic acids, such as 
(meth) acrylic acid, maleic acid and fumanc acid, (d) 
(meth)acrylic acid derivatives, such as 
« imethlacrylonitrile and (meth) acrylic amide, and (e) 

vinyl ethers, such as vinyl methyl ether and vinyl phenyl 
ether. Amongst these comonomers, vinyl esters of 
monocarboxylic acids having 1-4 carbon atoms such as 
vinyl acetate, and (meth, acrylates of alcohols having 1-4 
30 carbon atoms, such as methyl (meth) acrylate, «• 

preferred. Especially preferred comonomers are butyl 
acrylate. ethyl acrylate and methyl acrylate Two or mere 
such olefinically unsaturated compounds may be used in 
combination. The term ■ (meth, acrylic acid' is intended to 
35 embrace both acrylic acid and methacrylic acid. The 
hydrophilic comonomer contents of the hydrophilic 
copolymer may amount to as much 40% by weight of the 
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by weight. The amount will « * gr ^ 
flexibility wanted xn the resin, rubbelUke will 

comonomer content the note flexible ana 

JJ— ^"Tgraft polymer, this may b P . 
b y the methods described in OS 3.MS.155 and US 

-^Ma^se^hTTn^eTn^^ ~~~~ 
into a cable insulating layer m order to avoia 

are known per se and comprise compounds ' 
chemically with water such as e.g. hydrolyzable silane 

compounds^ catalys t defined above and 

us ed at the present invention is distinguished by being a 
benzene of naphthalene Aphonic er 
sufficiently lipophilic to be compatible with the p 
composition to be crosslink. To 
lipophilics, the hydrocarbon group of the 
sulphonic acid must have a certain size and ™ 
the case where the acid is a benzene sulphonic acid 
the case "ns" least 8 carbon atoms, 

an alkyl substituent containing at least c 
an alKyl a naphthalene sulphonic 

an in the case where the acid is v 
acid the alkyl substituent must contain at leas « 
atoms. If the 1*1 group does not have such size that 
the lipophilic^ requirement is met, the 
compatible with the polymer composition but will be 
Teased therefrom upon crosslink in agueous solution, 
thus impairing crosslinking efficiency. 



35 



5 



The silanol condensation catalyst used at the 
The sixar DreC ursor of a compound 

present invention may also be a precur 

* t a t i e a compound that is converted by 

W Z : a " compound of formula X. Such a precursor 
i h acid anhydride of the Aphonic -id compound of 
\ la T Another instance is a sulphomc acid of 

protective group, e.g. an acetyl group, 
reeved by hydrolysis to give the sulphomc acid of 

in the crosslink polymer composition generally 1= in 
he order of about 0.0001-3* by weight, preferab y about 
0 001-2% by weight and most preferably about 0.005 1* by 
weight, as based on the amount of silanol-group 

containing polymers in the ^^^/^^depends 
appreciated that the effective amount of cata ys P 
on the molecular weight of the catalyst. T ^ US ' 

• j rt -c cat alvst having a low molecuiar 
amount is required of a catalyst * 
weight, than of a catalyst having a high molecular 

"''"he catalyst is preferably added to «-.«~»^ 
able polymer in the form of a master batch, i.e. mixed 
, tth I oTyme, such a, a homo- ~«*>:'Z£^~ 
e g . LDPE or EBA containing 3-30* by weight of butyl 
acrylate. The master batch generally contains about 0^2 
5% by weight, preferably about 0.05-2% by weight of the 

C3tal ^e' above defined specific sulphonic acid catalyst 
may be used alone in the crosslinkable polymer 
Tomposition or combined with other silanol condensation 
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<M Hna the problems of prior art 
alleviating or eliminating the pr vo ' lta ge 

fiiane group containing powers ™ ^° no 

ii^::: 1 :::^ ^ — ---- 

^ not been considered 

the productivity- Moreover, it has not d 
economically feasible to crosslink silane conta nin g 
Insulating layers in powr cables o ^ - *^ 
to the thickness of the insulating layer (5 
and the difficulty 



25 



30 



35 



he QiiiJ-'-uj.Ly , -■ ■ 

the insulating composition according to the P-en 
invention represents an important progress due to 
substantial advantages it presents. oarollid e 
Thus, due to the absence of decomposable peroxide 
crosslink agent the silane group containing polymer 
composition of the present invention may be 
higner melt temperatures, such as about 180-200 C. than 
conventional peroxide crosslink compositions Without 
scorching these higher melt temperatures result 

hioher output and a hig her line spaed. 

^ShfrTduTTo^^ 

agent no environmental pollutants from peroxide 
decomposition are generated. The particular silanol 
condensation catalyst used according to the present 
invention is no environmental pollutant; it is not 
dissolved from the polymer composition in water baths, 
and it does not discolor the polymer composition. 
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„ to Peroxide crosslinked insulating polymer 
Compared to peroxx ' processing steps for 

compositions which ^ ~ ^ a Lg of the peroxide 
tne compoundxng of additive * m ^ 

crosslinking /results in a more simpi* 

of these steps and thereior 

n nmress with fewer processing steps. 
^" anl " fewer processing steps there is less risk 
of contacting the composition which mea, « . - cleaner 
handling of the composition which is xncreasxngly 
Important the higher the intended voltage is of the 



cable, 



th e crosslinking of the insulating con.posrt.on. The only 

is vulcanizing tuoe wxun cm 

of .sing existing vulcanizing tubes is an important 
advantage of the invention and makes xt possible for a 
cab le manufacturer to change the productxon from peroxxde 
crosslink cables to moisture cured silane group 
q 20 containing cableswith no or only a minor xnve ^ 

U The crosslinking temperature is ■ 

invention than at peroxide crosslinking. 
temperature in a vulcanizing tube xs about 400 C at 

peroxide ^f^^J^ ^slinking 

*.i«n is preferably only about 170-190 C. 
present invention is prerera * 

This lower crosslinking temperature means that less 
energy is consumed for the crosslinking at the present 

30 invention 



— ^^^^ of the 

I- oration is about the same or may even be 
crosslinking operation is 

lo ^ I _ r;: _j : >^_Pr^ sent invention 



^r^TTcTosslinking usTn, conventxonal prxor 
y 3B art sxJnol condensation catalysts, such as 

( a s compared to crosslinking with peroxxdes 

invention provides a much higher crosslxnkxng speed. 
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tr it is possible to carry out the 

Further, it i & f such as room 

n ■ , »f a much lower temperature, sucn a=> 

crosslinking at a mucn si i an ol condensation 

temperature, than with conventional sxlanol 

-"T^r^rcul^-a^anta. i. that it is possible to use 

insulating layer o ith an insulating 
of more than 20 kV, i.e. power cables with an 
i^ver that is more than 5 mm t hick^^, . 

u" „+*ri sties of the insulating layer are very 
treeing characteristics ot peroJcide croS slinked 

good and much better than e.g. for peroxia 

n This is quite surprising because tne 

insulating layers. This t ^ ^ ^ 

specific sulphonic acid catalyst o 

4.4«n an ionic compound and ionic 
present invention is an ioni<~ f 4-reeina 

fhe excellent water treeing 
the reason for the exceixeuu ■ „ 

characteristics obtained with the present »»-»*«^ its 
Having thus explained the present inve nt 10 n and its 
advantages it »iU now be illustrated by way of some -n 
limiting examples. All parts and percentages in the 
examples refer to weight, unless otherwise stated. 

"""^ example illustrates the excellent water-tree 
retarding (MIR) characteristics obtained with the 

in ~nl -7 — Tuition of tb » present invention. 

iI12Hi fti^I «on according to the present invention was 
M de into a cable insulation and its --ectric strength 
evaluated according to the so-called Model Cable test 
developed by Alcatel AG « Co, Hannover Germany, and 
described in an article by Land H.G., Schadlxch Hans 
■■Model cable Test for Evaluating the Aging behaviour 
under Water Influence of Compounds for Medium V f™*« 
Cables". Conference Proceedings of Jicable 91. 24-2 *« 
1991, versaille, France. As a value of the drelectnc 
strength is stated 63% of E m from Weibull diagram in 



35 
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TKr " I5i5IISI5 ^ i ^^ containing 

consisted of an ethylene copolymer base res 

5 ai b y weight of vinyl 

g/1 0 m in and a density o t 0.92 9 / c ^ „ „ fey 

was compounded with a master d 

weight of b.tyl acrylate W, «9 „ fcy „ eight 

weight of stabilisers and It ot luon 
„f si-116 (HDTMS ; hexadecyl trimethoxysilanel , 0.3% by 
^igL of Ufacid K (DBS*; dodecylbenzene sulphonic acxd) , 
=r,^ i% bv weight of isododecane. 

1 f r cr Llin^ of the model cable according to 

th e Mention (referred to as Cable 

bath at 70<C for 72 hrs. Cable 1 was tested accord g 
the Model Cable Test indicated above. 

„• „ r Q this test the insulating composition of 
According to this test z , at x 

Cable 1 had a breakdown strength of EW 

r - 75 7 kV/mm at T - 1000 hrs. 
= o and Emax — /3 * ' „ -,ul e 

The corresponding values for a reference model cable 

(referred to as Reference Cable 1 below, where the 

• ^ nc ^ted of a standard LDPE wmn 

insulating «°" tlOT /™^\ B * /_ 0 9225 g/cm* and 
MFR, = 19 g/10 min and a density - 0-^=> 5' 

\f ' 7% bv weiqh t of peroxide crosslinkmg 
25 crosslinked with 2% by weight p ^ 

agent was > 89 kV/mm at T - 0 and 34.3 

T = 1000 hrs. 

*^ ple 1 was repeated with the exception tha, : the 
.aster batch of the insulating -^7*^^ K 
th. invention contained 0.7% by weight of the * 
(DBSA) and 88.3% by weight of the ethylene ^ylacrylate 
lopolUr- The model cable made with this composition 
the insulating layer is referred to as Cable 2. 

The results of the model cable test were W > 81-7 

. _ e 4 4 kV/mm at T 1000 hrs. 

kV/mm at T = 0 and Emax - 54.4 kv/hu 
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j^r, ro the invention and the 

« JL^* ."Sr. -« r r - 

tr e.ing. The results are given in Table 1. 



TABLE 1 



Bow-tie 
trees 
No - /mm 3 



Cable 2 21 
Ref. cable 1 4 60 



Bow-tie 

trees 

Longest 

110 
511 



Vented 
trees 
No . /mm 3 

0-04 
0.34 



Vented 

trees 

Longest 

90 

1070 



It is evident from both Example 1 and Example 2 that 

« standard peroxide crosslinked cable. 

^^^t^STtTlh^^^ »f oT" 

15 the insulating composition of the present invents 
compared to an insulating composition us.ng a 
conventional silanol condensation catalyst (DBTDL) 

following tes t was made. 

■ EablSTw^rTl^ade^InTrTl^ 2 conductor 

20 surrounded by a 0.7 mm thick Insulating layer. 

The insulating layer of the cable according « 
pr esent invention (referred to as Cable 3, consisted of 
the same base resin as the insulating layer of * * 

j j <fh ^ hv weiaht of a master batch 
Example 1 compounded with 5 ^ /'^^ fautyl acrylat e 
25 consisting of 87.3% by weight of ethylene t> y 

^ u+ . ~-e acrvlate; MFR2 = 8 9 /lu 

conolvmer (17% by weight of butyl acryj.<au 

I Z " by .eight of stabilizes and 1* of ^^ 41 
by weight of si-116 (HDTMS) , 1.71 by weight of Ufacid K, 
and 1% bv weig^ of isododecane.. 



30 



L-s uy — — - — ■ 

The insulating layer of the reference cable 

-a\ insisted of the same 
(referred to as Reference cable 3) consisted 
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• but compounded with 5% by weight of a -aster 
base resin, but ethylene butyl 

bat ch C - SiSt ^;/ ( 5 ; 7% 5 by b Li g ht of butyl acrylate), 34% 
acryla te copol^e,. 2 by ^ ^ stabili2er$/ 1% by 

by weight of LDPE, ' rmTDL The 

weight of zinc stearate, and 3% by weight of DBTDL. 

master batch had an ME^J_jA0j^ 

J^^f_f__ r-r-rrr- ; rate wa s determined according to 

The crosslmking rate was a . : 

tec 811-2-1-9 (hot set method) by measuring the thermal 

T , n It 200-C and a load of 20 tf/cm 2 after various 
deformation at 20 ) C an ^ percentage 

times of -° SS ink 7 or at Ca ^ e C 3 an with the insulating 
hot set elongation for Cable j wiui 

composition according to the invention was about 45. 3.. 
and 28% after 2, 3. and 4 day, of crossing. 

respectively. - percentage h; t - 2. 
Reference cable 3 was about 148, 102, 77 and 52 
3 4 and 1 days of cros slinking, respectively. Although 
he ca les tested in this example are not medium to hrgh 
voltage power cables, it is nevertheless evident that 
insulating composition used at the present rnventron 
insuiatxiiy r fflQ i- P r than a conventional 

crosslinks about four times faster than a 

insulating composition. 

|S*E|I=L___ II -^^ power 

cable with an insulating layer according to 
25 invention was tested and cohered to the ° £ 
a similar cable, but with an insulating layer with a 
^.,H.,=1 DBTDL silan o l condensation catalyst. . 

--l^TSaile-a^oTdin, to the present inve^on had an 

insulating layer with the same composition as that of 

Jl_^l±^^^-Zrn ^rTeT^TSe-ference Cable 

' The reference cable (reieiric^ 

4) had an insulating layer with the same 'Tmaster 
that of cable 4 compounded with 5% by weight of a master 
batch consisting of 57% by weight of ethylene butyl 
3S acrylate copolymer (27% by weight of butyl acrylate , 34. 
by Light of LDPE, 5.7% by weight of stabilisers, 1% by 
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■ ht of .ine stearate, « " 8i9ht ° f DBTDI " " e 

weight of zxnc s /l0 ^ir^^^, 

master batchj^ad^anjlf^ 

,^ nV #30 kV cables) . 
4 were each 9 mm thick (30 croSS linlced m a 

Cable 4 and Reference cable 4 

t predetermined time _ 
90 °C vater bath for different, J thick sainple was 

periods. After each time perio 1-2 cabig ^ ^ 

taken 2.7 » from the set metho d 

el . nlclna was evaluated by the hot se 
crosslink a Mnt ioned above, 

according to IEC-811 2 1 Mention had a hot 

Cable 4 according to the p 3 5f 4, and 4.5 ' 

£ qc; is and 45% alter 
set elongation of 85, i», Reference cable 4 

hrs of crosslink "spect.ve », ^ ^ 7Q< 

had a hot set elongate of 205 , ^ 
and 65% after 4. 4.5, 5, 5.5, 6, 7. 

crossllnking, ^P_«.^i^^-—---^^ high 
— -.-It isVvldent that «°^™ rs accordin9 to the 
TO ltage power cable -u at^ ^ to 
present invention is very q ^ layer wi th a 

the crosslinking of a simli tQ high 

Eg_ample__5 crosslinking rate of the 

Another ^^{^l^ to the present 
insulating layer composition 

invention was made in this exam ^ ing lay ers 

Tuo Poverc^-^ made . The first 

Tlf ulf-red rircahle 5a, had an insulat ing layer 
cable (reterre 3 in Example 3. Tne 

of the same composition as Cable ^ ^ hydro philic 

second cable (ref «» d ^ ^ of ethylene, 17% by 

baS e resin consisting of a t p ^ ^ { ^ 

weight of butyl acrylate, and 2% y ^ 
trimethoxysilane, compounded with 5% by weig 
same master batch as Cable 5a. 
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The reference cable (referred to a S Reference cable 
5) had an insulating layer including the same base resin 
as Cable 5b compounded with the same master batch as that 
of Reference cable 3 of Example 3. 
5 The insulating layers of Cables 5a, 5b, and 

Reference cable 5 each had a thickness of 5.5mm (20 kV 

cables) . . 

Cables 5a, 5b and Reference cable 5 were crosslinked 
in a 9C°C water bath during different, predetermined time 
10 periods. After each time period a 1.2 mm thick sample was 
taken 2 . 9 mm from the outer surface of the cable and the 
crosslinking was evaluated by the hot set method 
according to IEC-B11-2-1-9 mentioned above. 

Cable 5a according to the present invention failed 
15 the hot set test after 8 hrs of crosslinking, and had a 
hot set elongation of 45 and 35% after 12 and 17 hrs 
crosslinking respectively. Cable 5b according to the 
present invention failed the hot set test after 2 hrs of 
crosslinking and had a hot set elongation of 20, 15, 15 
20 and 15% after 4, 8, 12, and 17 hrs crosslinking 

respectively. Reference cable 5 failed the hot set test 
after 17 hrs of crosslinking. 

Again, this example illustrates the feasibility of 
the composition of the present invention as an excellent 
25 insulating layer for a medium to high voltage power cable 
and as a replacement for conventional insulating layers 
of such cables. It also illustrates the increased 
crosslinking rate obtained when the composition of the 
insulating layer is made hydrophilic. 

30 Example 6 . — . ; ~ 

" fn'^^o^howthe possibility of crosslinking a 

power cable according to the present invention with the 

use of vulcanizing tube and the improved crosslinking 

rate of the insulating composition of the present mven- 

35 tion compared to a conventional silanol condensation 

catalyst (DBTDL) the following tests were made, 
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Three cables were made having a 50 mm 2 (8.05 mm 
diameter) aluminium conductor surrounded by a 0.5 mm 
thick semiconducting layer and then a 6.4 mm thxck 
insulating layer. The cables did not have any outer 

semiconducting layer 1 ____ 

V^^^ oT^nTinsulating layer of the 

cables was varied. The first cable which was a cable 
according to the present invention (referred to as Cable 
6a) had a composition corresponding to that of Cable 3 of 
Example 3 above (a silane group containing ethylene 
copolymer). The second cable which was also a cable 
according to the present invention (referred to as Cable 
6b) had an insulating layer composition correspondxng to 
that of Cable 5b of Example 5 above (a hydrophilic sxlane 
group containing ethylene/butyl acrylate terpolymer) . The 
third cable which was not according to the present 
invention (referred to as Reference cable 6) had a 
composition corresponding to that of Reference cable 3 
Example 3 above (DBTDL as catalyst). 

After extrusion of the cables they were crosslxnked 
in a 20 m long laboratory vulcanizing tube with saturated 
steam at a pressure of 1-0 MPa gauge- The vulcanxzxng 
tube had four heating zones with the temperatures set at 
179 178, 178 and 135°C for Cable 6a; 177, 179, 181, and 
183 : C for Cable 6b; and 181, 179, 181 and 184°C for 
Reference cable 6. After the heating zones followed a 
cooling zone with cooling water. The line speed was 2 

m/min for a ll three cables, 

-^-^^3^- g was evaluated by measurxng the Hot 

Set at 200-C and a force of 20 N/cm 2 of a cut of thickness 
1.2 mm taken at a distance of between 2-9 and 4.1 mm from 
the outer surface. The obtained values appear from Table 
2: 



35 



TABLE 2 



Elongation in Directly after CV After After After 
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% tube 
Cable 6a 60 
Cable 6b 50 

Ref. cable 6 broke 



1 day 

45 

30 

broke 



4 days 6 days 



100 



70 



15 



The crosslinking was evaluated as Hot Set for cables 
6a, 6b and Reference cable 6 according to IEC-811-2-1-9 
(hot set method) by measuring the thermal deformation at 
200°C and a load of 20 N/cm 2 after various times of 
crosslinking at 23°C and 50% RH. Samples of 1.2 mm 
thickness were taken at a distance of between 2.9 and 4.1 
mm from the outer surface of the insulating layer of the 
cables. The obtained values appear from Table 2. The 
percentage hot set elongation for Cable 6a was 60% and 
45% after 0 days (directly after the exit from the 
vulcanising tube) and 1 day, respectively. The percentage 
hot set elongation for Cable 6b was 50%/0 days and 30%/l 
day. The percentage hot set elongation for Reference 
cable 6 was: - (breakage) /0 days; - (breakage) /l day; 
100%/4 days; and 70S/6 days. The superiority of Cable 6a 
and, in particular Cable 6b of the invention over 
Reference cable 6 with a conventional DBTDL catalyst is 
clearly evident. 
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